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Doubly Lithiated Oligosilanes : Synthesis and 
Structure of the First Vicinal Dilithiodisilane** 
Johannes B e h e r , *  Uwe Dehnert, and Dietmar Stalke" 

The cleavage of silicon-silicon o bonds by alkali metals is a 
common method for the preparation of metalated silanes. This 
reaction, however, only proceeds satisfactorily if the silicon cen- 
ters carry at least one aromatic substituent.['] The same is true 
for the reaction of cyclic silanes with alkali metals: while per- 
alkylated cyclosilanes are reduced by alkali metals only to the 
stage of radical anions,[21 aryl-substituted silacycles undergo 
bond cleavage to yield synthetically useful difunctional Y,W- 

dimetallio oligosilanes. The reactions of octaphenyltetrasilane 
and decaphenylcyclopentasilane with lithium have been studied 
extensively and have been used for the preparation of numerous 
organosilicon compounds.[31 To our knowledge, there are no 
reports about the analogous reactions of cyclotrisilanes with 
metals. This gap is now filled by the results of the reaction of the 
cyclotrisilane 1 with lithium metal, which yields, depending on 
the reaction conditions, either the 1,3-dilithiotrisiIane 2 a or the 
1.2-dilithiodisilane 3 a. 

A n  

1 

Ar = 2-(Me2NCH2)C6H4 

2 3 
2a,3a: R = Li 
2b,3b: R = H 

The reaction of the cyclotrisilane 1 with two equivalents of 
lithium in 1,4-dioxane allowed the subsequent isolation of red, 
extremely air-sensitive crystals of 2a, which can be smoothly 
protonated with cyclopentadiene to yield the trisilane 2 b. The 
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'H and I3C NMR spectra of 2a are very concentration- and 
temperature-dependent, and hence not very useful for structural 
elucidation, as they primarily contain very broad, strongly over- 
lapping signals. The "Si NMR spectrum also exhibits two 
strongly broadened signals at 6 = - 26.5 and - 31.8. Therefore, 
the identification of the reaction product as the 1,3-dilithiotrisi- 
lane 2a is based primarily on the results of the single-crystal 
X-ray structure determinati~n.[~] 

The crystal structure of 2a  (Fig. 1) indicates that the concept 
of intramolecular side-chain coordination is, here too, particu- 

Flg. 1.  Crystal structure of 2a. Three noncoordinated dioxane molecules are omit- 
ted for clarity. Selected bond lengths [pm] and angles ["]: Sil -Si2 240.7(3), Si2-Si3 
240.1(3), Sil -Lil 255(1),Si3 -Liz 254(1). Lil-Nl 214(1), Lil -N2215(1), L i l -01  
197(1), LIZ-NS 216(1), Li2-N6 211(1), Li2-03 199(1); C1-Sil-C10 99.5(3), C19- 
Si2-C28 101.9(3), C37-Si3-C46 99.8(3), Sil-Si2-Si3 136.9(1), Lil-Sil-Si2 131.6(3). 
Si2-Si3-Li2 129.7(3). 

larly useful--this idea has also been successfully applied to 
organocopper compounds['' and compounds containing highly 
coordinated silicon centers.['] In 2a  the lithium atoms bound to 
silicon are coordinated by both amino groups of the neighbor- 
ing Me,NCH,C,H, substituents; two chelate rings are thus 
formed. The average Li-N bond length is 214 pm, significantly 
longer than that in contact ion pairs of lithium atoms and bases 
with nitrogen donors.['01 In addition, each lithium atom is coor- 
dinated by a single oxygen atom from a dioxane molecule. 

The average distance between Si and Li is significantly shorter 
(254.3 pin) than in all other structurally characterized molecular 
compounds with Si-Li contacts ([Me,SiLi], 265 prn;["] 
[Me,SiLi(tmeda),,s] 270 prn,[l2] tmeda = N,N,N',N'-tetra- 
methylethylenediamine; [ (Me,Si),SiLi(dme),,,] 263 pm," 31 

dme = 1,2-dimethoxyethane; [((thf),Li},(SiPh,),] 271 ~ m ; [ ' ~ '  
[(Me,Si),SiLi(thf),] 264 and 267 pm;["] [Ph,SiLi(thf),] 
267 pm[I6l). The steric demands of the six 2-(Me,NCH,)C,H, 
units cause a distinct stretching of the LiSi,Li backbone, which 
assumes an approximately antiperiplanar conformation. The 
bond angles along the LiSi,Li chain are significantly larger than 
ideal tetrahedral angles; the central Si-Si-Si angle is widened to 
136.9". 

The reaction of 1 with excess lithium in THF yields a different 
product: the first 1,2-dilithiodisilane 3a is obtained in the form 
of deep red crystals. This compound can also be prepared by 
treating 2a with lithium under the same conditions. The single- 
crystal X-ray structure analysis (Fig. 2) shows that both lithium 
atoms are coordinated to the silicon centers, as was the case 
in 2a.  

Compound 3 a crystallizes with two independent molecules 
per asymmetric unit, which only differ slightly in the orientation 
of the substituents (the structural parameters of the second mol- 
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Fig. 2. Crystal structure of 3a. Selected bond lengths [pm] and angles ["]-the 
values separated by a slash are those for the chemically equivalent parameter in the 
second, crystallographically independent molecule: Sil -Si2 238.0(2)/237.7(2), Sil-  
Lil 254.2(8);255.0(8), Si2-Li2 258.9(8),259.0(8), L i l - 0 3  195(1)/196(1), Lil -N1 
217(1)!215(1). LilLN2 213(1)/215(1)< Li2-01 198(1)i199(1). Li2-02 196(1)/ 
197(1). Liz- N3 213(1)/214(1); Cl-Sil-Cl0 100.7(2)/99.6(2), C19-Si2-C28 102.0(2)/ 
101 3(2). Lil -Sil-Si? 143.7(2)/143.7(2), Sil-Si2-Li2 134.9(2)/134.7(2). 

ecule, not shown in the Figure, are separated from the 
analogous ones for the first molecule by a slash). The most 
striking structural feature at first glance is perhaps the different 
environments of the two lithium atoms: Lil is coordinated to 
two Me,NCH, side chains (average Li-N bond length 215.2/ 
215.8 pm) and one thf molecule, while Li2 is surrounded by 
only one amino group (Li-N 212.8/213.7 pm) and two thf 
ligands. The two Si-Li bond lengths are not identical (Sil -Lil 
254.2/255.0 pm, Si2-Li2 258.9/259.0 pm). Apparently, coordi- 
nation to two amino side chains brings the Si and Li atoms 
closer together (cf., 254.3 pm in 2a). The central Si-Si bond 
length (238.0/237.7 pm) is typical for a Si-Si single bond and is 
nearly identical to that in the disilane 3b (236.4/238.6 prn)."'] 

A side-on coordination of the lithium atoms to the central 
element -element bond,[''] such has been observed for the C-C 
unit in substituted dilithioethanes, is not found in 3a. This is 
presumably a consequence of the intramolecular complexation. 

With THF as solvent, the "Si NMR spectrum of 3a exhibits 
a 1 : 1 : 1 : 1 quartet at 6 = - 32.8."" The corresponding 
''Si-'Li coupling constant (36 Hz) indicates a partially cova- 
lent character of the Si-Li bond.['" However, the fact that the 
Si-Li bond length is shorter than in other lithiated silicon com- 
pounds is not reflected by a larger coupling constant 
([Me,PhSiLi(thf),] 51 Hz;["] [Ph,SiLi(thf),] 45 Hz;[16] 
[(Me,Si),SiLi(thf),] 37.2 Hz;"'] [{(thf),Li}2(SiPh,),] 32.8, 40, 
and 42 Hz[ '~ ] ) .  

These results show that the cyclotrisilane 1 is not only a valu- 
able synthetic equivalent to silanediyls Ar,Si: /''I its reaction 
with lithium also opens up access to the dilithio compounds 2 a  
and 3a, which in turn should be able to function as transfer 
agents for Si, and Si, units. Studies to determine the reactivity 
of these compounds are currently in progress. 

Elcperimental Procedure 
All experiments were performed with exclusion of oxygen and moisture. Where 
possible, the assignments of 'H, "C,  and "Si NMR signals to atoms ofthe terminal 
or central diaryldisilanediyl units in 2a and 2b are indicated by the numbers (1,3) 
or (2), respectively. after the element symbol. The 'Li NMR spectra were calibrated 
externally with LiCI/H,O. 
2 a :  Lithium shavings (31 mg, 4.47 mmol) were added to a solution of 1 (1.99g. 
2.24 mmol) in dioxane (28 mL). The resulting mixture was stirred for 22 h at 25 "C. 
The volume of the clear red solution was reduced by about 2/3, and hexane (8 mL) 
added. Residual lithium was then removed by filtration. Crystallization at 4 'C 
yielded 2a as bright red crystals (1.18g, 49% yield, m.p. 50-60°C (decamp.)), 
which still contained 2 equiv of dioxane per molecule of 2a after solvent removal 

under high vacuum. ' H N M R  (250MHz, [DJTHF, 25°C):  6=1.35 (brs, 12H: 
NMe,), 1.93 (s, 24H; NMe,), 2.3-3.4 (brs, 8 H ;  CH,), 3.6-4 1 (brs. 4 H :  CH,), 
6.4-69(brs,  10H), 6.91 (t, ' J = 7 S H z , 4 H ) .  7.18(d, ' J = 7 , 2 H z , 4 H ) .  7.6&8.1 
(brs, 4 H ;  6-H(1,3)). 8.6-8.9 (brs, 2H; 3-H(2)); 'L iNMR (155.45 MHz:. THF: 
C,D, (5:1), 25°C): 6 = 0.90 (s); 29SiNMR (99.3 MHz. [DJTHF. 25 
6 = - 26.5 (Si-2). -31.8 (Si-1.3). 
2b: A solution of 2a (1.05 g, 0.93 mmol), which still contained 2.5 equiv ofdioxane, 
in T H F  (10 mL) was cooled to - 78°C and treated with cyclopentadiene (0.19 mL. 
2.33 mmol). The mixture was stirred and allowed to warm to room temperature. 
The solvent was removed. hexane (15 mL) was added. and undissolved components 
were removed by filtration. Volume reduction of the filtrate yielded 2b as hydroly- 
sis-sensitive crystals (0.56g, 68% yield, m.p. 171-172'C). ' H  NMR (250 MHz. 
C,D,):6 =1.79(s, 12H;NMe2),2.00(s,24H;NMe,),3.04(s,4H;CH,),3.25.3.?7 
(AB system, ' J  =14 Hz, 8 H ;  CH,). 5.87 (s, 'J(Si,H) = 200.5 Hz. 2H:  SiH). 6.92 
(dd ,~J (4 ,5 )=7 .5H~,~J (5 ,6 )=7 .2H~,4H;5 -H(1 .3 ) ) ,7 .09 (dd ,  ' 5 ( 3 , 4 ) = 7 . 4 H ~ ,  
'J(4,5) ~ 7 . 5  Hz, 4 H ;  4-H(1,3)), 7.22 (dd, '44.5) =7.5 Hz. ' J (5 .6)  =7.2 Hz. 2H:  
5-H(2)), 7.33 (dd, 'J(3,4) =7.6Hz, '44.5) = 7 . 5  Hz, 2H:  4-H(2)). 7.36 (d, 
'J(3,4)=7.4Hz,4H;3-H(1,3)),7.71 (d, 'J(5,6)=7.2Hz,4H;6-H(l.3)),7.81 (d. 
'43.4) =7.6 Hz. 2H;  3-H(2)), 8.60 (d. ' J (5 .6 )  =7.2 Hz, 2 H ;  6-H(2)). "C NMR 
(62.9MHz C,D,): 6=45.15, 45.28 (2xNMe,),  63.99, 64.46 ( 2 x C H , ) ,  125.9X, 
128.22, 128.98, 129.05, 129.50,(5xCH),135.54, 135.74(C-l(l.2.3)),13X.43. 138.72 
(C-6(1,2,3)). 146.04 (C-2(1,3)), 148.07 (C-2(2) ) :  29Si NMR (59.6 MHz, C,D,): 
6 = - 37.5 (brs), -43.9 (d, 'J(Si,H) = 203 Hz); MS (70eV) m;: ( 'Yo) :  890 ( M ' .  
<1%), 297 (Ar,SiH+, 100). 
3a: Lithium shavings (45 mg, 7.38 mmol) were added to a solution of 1 ( I  .09 g, 
1.23 mmol) in T H F  (18 mL). The resulting mixture was stirred for 3 d at 25 'C. 
Residual lithium was removed from the clear, deep red solution by filtration. the 
solution volume was reduced (to ca. 3 mL), and pentane (10 mL) was added. Crys- 
tallization at  - 15 'C yielded 3a in the form of dark red crystals, which contained 
4 equiv of T H F  per molecule of 3a (0.87 g, 53% yield. m.p. 45-50 'C (decomp.)). 
'HNMR(250MHz,C6D,):  6 =1.82(brs,24H;NMe2),  2.7-3.4(brs,8H;CH2).  
6.8-7.1 (m, 4 H ;  3-H), 7.0-7.3 (m, 8 H ;  4.5-H), 8.36 (brs, 4 H ;  6-H): NMR 
(75.5 MHz, C,D,): 6 = 46.14 (NMe,), 67.71 (CH,), 122.44, 126.08 (C-4.5). 130.23 
(C-3). 139.12 (C-6), 142.48 (C-2). 162.20 (C-1); 'Li NMR (155 45 MHz, C,D,): 
6 =1.36 (s); "SiNMR (59.6MHz, THF/C,D, (5:1), 25 C): d = - 32.8 
('J(Si,Li) = 36 Hz). 
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A Chiral Lewis Acid with Two "Metal" 
Centers: Cooperative Binding of Two Amine 
Molecules to a Chiral Diboronic Ester** 
Kyoko Nozaki, Masanori Yoshida, and 
Hidemasa Takaya* 

Lewis acid/Lewis base interactions are one of the most funda- 
mental types of binding in organic chemistry. Although asyni- 
metric reactions with chiral Lewis acid catalysts are well stud- 
ied.['] only a few reports have focused on structural aspects of 
the interaction of Lewis acids and Lewis bases.121 Here, we de- 
scribe the design and synthesis of a chiral Lewis acid having two 
"metal" centers,13] or~/zo-bis[(4R,5R)-4,5-diphenyl-l.3-dioxa-2- 
borolane-2-yl]benzene (1 a). This compound contains two dioxa- 
borolane units that can bind two amine molecules cooperative- 
ly.[4. 51 

The chiral ortho-diboronate I a was synthesized along with 
the nwia isomer 1 b, para isomer l c ,  and analogue 2, which 
contains one Lewis-acidic center, and their binding properties 
with amines were examined. The interaction of ortho-di- 
boronate 1 a with benzylamine is unique, as evident in 'H NMR 
spectra. Thus a mixture of l a  and benzylamine exhibited the 
following three notable features: 1 )  The two originally enan- 
tiotopic benzylic protons of the amine appear as a quartet with 
an AB pattern typical for diastereotopic protons. 2) The signals 
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arising from the N H  protons are shifted markedly downfield 
relative to those of the free benzylamine. 3 )  The signal due to the 
methine protons of the dioxaborolane units of l a  remains a 
singlet and is only shifted slightly upfield. These results indicate 
that the amine is complexed with diboronate I a and influenced 
by the chiral surroundings. Since the equilibrium for the forma- 
tion of the complex at 20 "C is rapid on the N M R  timescale, the 
observed signal of the methine protons in l a  is a singlet. In 
sharp contrast to the ortho-diboronate 1 a, *zeta- and para-di- 
boronates, 1 b and 1 c, and monoboronate 2 show only small 
changes in their N M R  spectra upon mixture with benzylamine 
under the same conditions, and the benzylic protons of the 
amine give rise to a singlet.16] The exceptionally strong binding 
of 1 a with benzylamine has been demonstrated by titrations of 
boronates 1 a. 1 b, lc, and 2 with the amine (Fig. 1). Titrations 
of the orfho-diboronate 1 a show a characteristic marked satura- 
tion effect. 

Ph 

la: ortho- 
1 b: meta- 
l c: para- 

- l a  - l b  - l c  

5.2 

1 5.0 - 2  

S 
4.8 

a 

A R  . 
7." 

0 20 4 0  6 0  

Equiv benzylamine - 
Fig. I .  Titration of boronates l a - c  and 2 with benzybamine at 20'C ( 0 . 1 O M  of 
1 a-c or 2 in  CDCI,). Chemical shifts of the singlets due to the methine protons of 
the boronates (around 6 = 5.3) are plotted against the molar equivalents of added 
benzy lamine. 

The complexation ratio of 1 a:  benzylamine = 1 : 2 was deter- 
mined with a Job plot['] based on 'H N M R  spectroscopic data 
(conditions: T = 20 "C,  [I + [amine],ni,ia, = 0.05 M in CD- 
Cl,). Maximum complex formation occurred at  [I aIlnitia,/ 
([l a],nitia, + [amine]i,i,i,,) = 0.33. Accordingly, the complexation 
equilibrium of 1 a with benzylamine can be described by Equa- 
tions (a) and (b). Benesi-Hildebrand analysis[s1 indicates that 

K ,  
1 a + (amine) ~2 1 a . (amine) 

l a .  (aminej + (aminej -2 l a .  (aminej, 

(a) 

(b j  
K* 

the binding of the second amine molecule to diboronate 1 a is 
remarkably enhanced compared to that of the first amine mole- 
cule (K, >> Kl).  The plot of l/[amine],?,i,ia, vs l/Afiobserved 
shows good linearity in the region where [aminelinitial > 
10 x [I aIinitia, ([I a],,,itial = 0 . 1 0 ~ ) .  This indicates that the contri- 

2452 t ' ,  VCH ~,r/uRsge.se//sc/iuf/ nihN,  0-69451 Wr.inheini, I994 0570-0833:94,'2323--7452 S 10.00+ .2.5;0 Angen.  Chrm. I n / .  Ed. En,$/. 1994. 33. No. 23/24 




